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CHROMIUM-FREE IMPREGNATED ACTIVATED CARBON FOR ABSORPTION OF TOXIC GASES AND/OR 

VAPORS 

CROSS REFERENCES TO RELATED APPLICATIONS 

This is a continuation-in-part of copending application Serial Number 07/371,430 filed June 23, 1989, 
ENTITLED "Chromium-Free Impregnated Activated Carbon For Adsorption of Toxic Gases and/or Vapors." 

5 

FIELD OF THE INVENTION 

The present invention relates to impregnated activated carbon adsorbents for removal of toxic materials 
in respiration and collective filter applications and, in particular, to a chromium tree impregnated carbon 
adsorbent for the removal of toxic gases and/or vapors. 

GOVERNMENT CONTRACT 

This invention was made with Government support under Contract DAAA 15-86-C-0030 awarded by the 
United States Army Chemical Research Development and Engineering Center. The Government has certain 
limited rights in this invention. 

BACKGROUND OF THE INVENTION 

Activated carbon has long been used to remove toxic gases and vapors from a stream of gas. These 
activated carbons are useful in respirators, collective filters and other applications, and often involved the 
use of special impregnants to remove gases that would not otherwise be removed through the use of 
unimpregnated activated carbons. These impregnated activated carbon adsorbents for removal of toxic 
gases and/or vapors have been known and used for many years. The prior art formulations contain copper, 
chromium and silver impregnated on an activated carbon. These adsorbents are effective in removing a 
large number of toxic materials. Appendix I sets forth a summary of prior art involving these formulations. 

Generally, it is known that removal of cyanogen chloride, hydrogen cyanide and cyanogen require the 
presence of chromium and copper on the activated carbon for effective removal. Copper and silver have 
been shown to be effective in the removal of arsine and phosphine. Chlorine, hydrogen chloride, hydrogen 
fluoride and hydrogen sulfide are also removed by the presence of copper impregnates on activated 

Carb |n R addition to a number of other inorganic materials which have been impregnated on activated carbon, 
various organic impregnants have been found useful in military applications for the removal of cyanogen 
chloride. Examples of these include triethylenediamine (TEDA) and pyridine-4-carboxylic acid. Tartaric acid 
has also been found to be used with other materials in various applications. 

A search of the prior art has uncovered patents which disclose a variety of agents impregnated in 
40 activated carbon to remove toxic vapors from a gas stream. 

British patent No. 2,187,725 discloses activated charcoal impregnated with transition metal salts 
preferably consisting of cobalt, nickel or zinc acetate. 

U.S. Pat. No. 3,355,317 to Keith et ai. discloses the use of the oxides of cobalt, copper, zinc, iron and 
molybdenum on activated carbon to remove hydrogen cyanide from tobacco smoke. 

U.S. Pat.-Nos. 2,920,050 and 2,920,051 both to Blacet et al. describe the preparation of whetlerite type 
filters which include copper, chromium, silver and molybdenum impregnants. 

U.S. Pat No. 4,801,311 to Tolles discloses a whetlerite type activated carbon filter material impregnated 
with copper, silver, and molybdenum and/or vanadium salts together with triethylenediamine. 

U.S. Pat. No. 4,802,898 to Tolles discloses a whetlerite type activated carbon filter material impregnated 
so with triethylenediamine, and optionally with copper and silver. 

U.S. Pat. No. 4,531 ,953 to Groose discloses an activated carbon impregnated with copper, silver and/or 
chromium mixtures and triethylenediamine. 

In addition to the foregoing prior art patents, other references disclose that activated carbon, impreg- 
nated with triethylenediamine (TEDA) has been found to be particularly effective for gas masks for removing 
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cyanogen chloride. References also disclose that activated carbon may be impregnated with copper and/or 

silver for removal of additional toxic gases or vapors often required for military protective mask applications. 
Other references, including 1946 NDRC report (Appendix I, Reference 10) by Grabenstetter et al. 

describe the use of copper, silver, chromium and molybdenum or vanadium impregnants on activated 
5 carbon to remove hydrogen cyanide and cyanogen chloride. Other organic base impregnations of charcoal 

are disclosed, including the use of amines such as triethylene diamine and others are also found in prior art. 
The use of impregnated activated carbon adsorbents in respirators and collective filters, either for 

military or industrial applications, require special considerations regarding the toxicity and carcinogenicity of 

the impregnants to the user. These considerations eliminate a large number of prior art potential 
io impregnants from use in respirator and collective filter applications. This is especially the case with 

hexavalent chromium, which involves potential health hazards. 

Accordingly, it is an object of the present invention to provide an activated carbon that has the 

advantages of a chromium-free adsorbent while remaining effective in removing toxic gases and/or vapors 

through the impregnation of the activated carbon adsorbent with copper and zinc. It is a further object of the 
75 invention to provide an activated carbon absorbent for use in both military and industrial respirator and 

collective filter applications. 

SUMMARY OF THE INVENTION 

20 

Generally, the present invention comprises an activated carbon adsorbent impregnated to contain, 
depending on the particular characteristics desired, a final composition by weight containing a mixture 6- 
16% total copper and zinc, within the range of 0% to 14% copper and 2% to 16% zinc. Silver, 
triethylenediamine. and/or tartaric acid may or may not be required, depending on the desired application. 

25 Specific embodiments of the present invention comprise an activated carbon adsorbent impregnated so 
as to result in a composition containing from about 6% to 8% copper, 6% to 8% zinc, and optionally 0.03% 
to 0.05% silver and/or 2% to 4% triethylenediamine. Zero to 10% tartaric acid may also be added during 
preparation of this composition. The adsorbent of this embodiment of the present invention has been found 
to be effective for removing gases and/or vapors including chlorine, hydrogen chloride, hydrogen cyanide, 

30 cyanogen chloride, sulfur dioxide, hydrogen sulfide, formaldehyde and others, which are hereinafter referred 
to as "toxic gases and/or vapors". 

Other embodiments include the addition of up to 8% molybdenum. 

The present invention is useful in respirator and collective filter applications, and meets both military 
and industrial toxic gas and/or vapor performance criteria. The formulation of the impregnants can be varied 
35 to adjust the performance characteristics to achieve the desired enhanced removal of specific toxic gases 
and/or vapors and extended shelf life. Other advantages of the present invention will become apparent from 
the following detailed description of the presently preferred embodiments of impregnant compositions. 

40 PRESENTLY PREFERRED EMBODIMENTS 



General Preparation Conditions : 

45 

Samples were impregnated by the "addition-titration" method where solution is slowly added nearly to 
the point that the activated carbon appears wet. In this method, the pore volume is almost filled with 
solution. Other methods of impregnation can also be utilized. One, two or more impregnation "cycles" can 
be used; sample metal loadings are calculated based on preparation conditions, not actual analysis. 

50 Samples are then checked by nitric acid extraction and atomic absorption analysis. The calculated loadings 
are typically accurate to about +/-.5% weight. Samples tested herein have been dried in a forced air draft 
convection oven on shallow trays. Other methods of drying the activated carbon (including at elevated 
temperatures in N 2 ) can also be employed, again according to the desired characteristics of the activated 
carbon. The drying temperatures used vary, and include the methods as provided in the specific data 

55 below. 



ASZ-TEDA Composition 

3 



BMSDOCID: <EP 0405404A1_I_> 



EP 0 405 404 A1 



Preparation: 

The samples were prepared in batches of approximately 1Kg and dried in a laboratory oven. The 
composition of a typical impregnation solution used is shown in Table I. As used herein, ASZ refers to 
activated carbon impregnated with copper, zinc and optionally silver. ASZ-TEDA refers to the same 
formulation additionally impregnated with TEDA as set forth in Table I. 

TABLE I 
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Sample Impregnation Solution for Preparation of ASZ 


Material 


Quantity* 


250 ml 


H 2 0 


100 g 


(NHO2CO3 


250 ml 


NH4OH (cone.) 


72.0 g 


ZnCOs 


68.2 g 


CuC0 3 Cu(OH)2 (Basic Copper Carbonate) 


0.5 g 


AgNCh 


50 g 


Tartaric Acid (Optional) 



Quantities are based on 500 g coal-based activated carbon, 12 x 30 mesh. 
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Two impregnation cycles were generally used. The first impregnation solution was added to dry coal- 
based activated carbon in approximately 25 ml aliquots at the ratio of 70 ml per 100 g activated carbon. 
The activated carbon was shaken during addition to avoid pooling of the solution. The partially impregnated 
activated carbon was then dried in thin beds in a forced air convection oven for 30 min. at 100 C, and 30 
min. at 130° C. After cooling, the activated carbon was reimpregnated with approximately 55 ml solution per 
100 g activated carbon in a similar manner. The drying profile used for the twice impregnated product was: 
100* C, 30 min; 130* C, 30 min; 160* C, 45 min; 180* C, 45 min. The cooled activated carbon was 
impregnated with TEDA according to the method of U.S. Patent No. 4,531,953 Addition of tartaric acid to 
the impregnation solution gives additional improvement in the HCN performance of the activated carbon. 



35 



Testing: 

The results of hydrogen cyanide, cyanogen chloride and aging tests of a test sample of ASZ-TEDA and 
a production sample of ASC (prior art chromium impregnated activated carbon) are shown in Table II. 



40 



TABLE II 



Hydrogen Cyanide and Cyanogen Chloride Testing Of ASC and ASZ-TEDA Samples 




Hydrogen Cyanide Life (min) 


Cyanogen Chloride Life (min) 


SAMPLE 1 


AR/6 


AR/50 


50/50 


AGED 2 


AR/20 


50/50 


80/80 


AGED 2 








80/50 








80/80 


ASZ/4% TEDA 


32 


30 


33 


30 


32 


57 


58 


57 


ASC 


33 


33 


39 


36 


75 


94 


69 

tIADII ~ 


46 



1 Test conditions are referred to as (Precondition Humidity)/(Test Humidity). "AR" means 
sample tested as received. 

2 "Aged" means sample maintained for 7 days at 45* C, 85% relative humidity. 
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The hydrogen cyanide test results in Table II indicate that performance is relatively insensitive to 
humidity. The test lives are also comparable to the ASC sample used as a reference. The cyanogen 
chloride performance of ASZ-TEDA is quite dependent on humidity. Test life is relatively low under dry 
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conditions, and increases as moisture is added to the system during preconditioning. This behavior is 
different than that of ASC. ASC has better dry performance, reaches peak lifetime at 50/50 conditions, and 
decreases as more water is added. At 80/80 conditions, cyanogen chloride life of ASZ-TEDA is only slightly 
lower than ASC. 

5 The most striking improvement in performance between ASZ-TEDA over ABC is that cyanogen chloride 
performance of ASZ-TEDA does not deteriorate with aging at 45 °C and 85% relative humidity. The ASC 
reference lost 33% of its effectiveness under these same conditions. 

The results of physical property tests and chemical analysis of the product are shown in Table III. 

to TABLE III 



Physical Properties of an ASZ-TEDA Sample 




Predicted 


Analyzed 


Cu 


6.0% 


6.4% 


Zn 


6.0 


5.5 


Ag 


0.05 


0.06 


TEDA 


4.0 


ND 


Moisture 


ND 


2.52% 


Apparent Density 


ND 


.590 g/ml 


*ND means "not determined." 
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Tartaric Acid: 

As show in table IV, incorporation of up to 10% tartaric acid In the solution used to impregnate the 
product resulted in noticeable improvement in the hydrogen cyanide life of the adsorbent of the present 
invention. 

TABLE IV 



Effect of Tartaric Acid on Hydrogen Cyanide Performance of Cu-Zn Samples 


Cu(%) 


Zn(%) 


Tartaric 


TEDA(%) 


Final Drying 


Hydrogen 


Cyanogen ; 






Acid (%)* 




Temp( J C) 


Cyanide Life 


Chloride Life 












(min) 


(min) 


8 


6 


0 


4 


180 


23 


52 


8 


6 


5 


4 


180 


27 


ND 


8 


6 


10 


4 


180 


32 


56 


8 


6 


0 


4 


220 


22 


51 


8 


6 


10 


4 


220 


30 


56 


6 


6 


0 


4 


180 


26 


60 


6 


6 


10 


4 


180 


29 


56 


6 


6 


0 


2 


180 


24 


46 


6 


6 


5 


2 


180 


26 


42 



* During processing and drying, tartaric acid decomposes; as such, its presence may or may not 



be detectable in the final product. 



55 The improvements that result from the addition of tartaric acid are most noticeable at higher metal 
loadings for adsorbents impregnated with 8% Cu and 6% Zn. For these adsorbents, hydrogen cyanide life 
increased from 21-23 minutes to 28-32 minutes. (Table IV). The improvement in performance for adsorbents 
containing 6% Cu and 6% Zn was not as marked; in this case, performance improved from 24-26 minutes 
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to 28 minutes, At both the 6% and 8% Cu levels, little effect on cyanogen chloride life was found. 
Performance improvements with less than 10% tartaric acid were less dramatic. 

Adsorbents of the present invention were prepared using other organic acids to improve performance. 
However, as shown in Table V, only maleic acid indicated any benefit for hydrogen cyanide performance 

TABLE V 



w 



15 



20 



Test Lives of Adsorbents with Organic Acids 


ASZ samples: 8% Cu, 6% Zn, 0.05% Ag, 4% TEDA and 10% of 


indicated acid, if added. 






Acid 


Hydrogen 


Cyanogen 




Cyanide Life 


Chloride Life 




(min) 


(min) 


Salicylic 


21 


29 


Acetic 


24 


33 


Maleic 


30 


40 


Potassium Hydrogen Phthalic 


20 


38 


(Without Acid) 


23 


52 



25 



With respect to maleic acid, the degree of improvement was similar to that found for tartaric acid. 
Cyanogen chloride performance of the adsorbent prepared with maleic acid was lover than for adsorbent 
containing tartaric acid. 

To understand the response of hydrogen cyanide and cyanogon chloride to variations in the com- 
positional impregnant regions of 0-12% Cu. 0-12% Zn, and 0-6% TEDA, tests were performed in these 
ranges. The results of these tests are set forth in Table VI. 



so 



35 



40 



45 



50 



55 



6 



0405404A1_I_> 



EP 0 405 404 A1 



TABLE VI 



Copper , 



Zinc and TEDA Formulation Data 1 



TEDM%) 



Life (min.) 
Cvanoaen Chloride2 



Life (min. ) 
Hydrogen Eyjaisis 



4.00 

0.00 

12.00 

4.00 

8.00 

0.00 

0.00 



8.00 

8.00 

0.00 

8.00 

0.00 

12.00 

8.00 



1.500 
4.500 
3.000 
3.000 
1.500 
1.500 
3.000 



50.00 
62.50 
50.50 
56.50 
20.00 
33.50 
48.50 



16.00 
18.50 
18.50 
16.50 
16.00 
16.50 
24.00 



(Table continued on next page) 



1. Silver was not included in these formulations, as it 
has no effect on the performance of the samples 
tested on cyanogen chloride and hydrogen cyanide 
life. 

2. Error limits for Cyanogen Chloride life are +/- 5 
minutes . 

3. Error limits for Hydrogen Cyanide life are +/- 3 
minutes . 
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(Table continued from previous page) 

Life (min) Life (min) 





Znf*> 






Hvdroaen 


O.OO 


8.00 


1.500 


45.50 


16.50 


8.00 


0.00 


3.000 


45.00 


19.50 


0.00 


12.00 


3. OOO 


50.00 


22.00 


12.00 


0.00 


1.500 


35.00 


17.00 


8.00 


0.00 


4.500 


57 . 80 


17.50 


0.00 


11.25 


3.800 


47.00 


15.50 


4.00 


8.00 


3 .000 


50.00 


19.50 


0.0 


4.00 


0.000 


3 .30 


12.00 


4.00 


4.00 


3.000 


52.50 


19.50 


0.00 


0.00 


3.000 


14.50 


2.00 


4.00 


0.00 


0.000 


4.60 


11.50 


8.00 


0.00 


0.000 


0.40 


13.60 


0 . 00 


4.00 


0.000 


3.00 


14.50 


4.00 


4.00 


0.000 


0.70 


22.70 


0. 00 


0.00 


3.000 


20.70 


2.60 


4 .00 


0.00 


3.000 


36.20 


ND 


8.00 


0.00 


3.000 


51.10 


12.20 


0.00 


8.00 


3.000 


39.80 


17.50 


0 .00 


0. 00 


1.500 


17.40 


ND 


0.00 


0.00 


6.000 


23.90 


* ND 


9.70 


0.00 


O.OOO 


0.00 


15. 50 


9 .70 


0.00 


3 .OOO 


43.60 


ND 


4.00 


4.00 


3.000 ' 


46.50 


20.40 


4.00 


8.00 


3.000 


56.00 


16.00 


4.00 


6.00 


4.000 


68.00 


24.00 


5 .00 


7.00 


3.000 


52.00 


22.00 


3 .00 


5.00 


3.000 


52.00 


17.00 


3 .00 


7.00 


5.000 


60.00 


16.00 


4.00 


4.00 


3. OOO 


60.00 


18.00 


4.00 


6.00 


4.000 


61.00 


21.00 


4.00 


0.00 


1.500 


ND 


7.00 


4.00 


0.00 


3. OOO 


38.00 


12.00 


8.00 


4.00 


3.000 


71.00 


28.00 


12.00 


0.00 


1.500 


37.00 


18.00 


12.00 


0.00 


3.000 


56.00 


18.00 


5.00 


5,. 00 


5.000 


ND 


25.00 


4.00 


6.00 


4.000 


70.00 


25.00 


O.OO 


O.OO 


3. OOO 


14.00 


4.00 


0.00 


0.00 


6.000 


20.00 


6.00 


8.00 


8.00 


3.000 


65.00 


26.00 


0.00 


0.00 


3.000 


ND 


10.00 


0.00 


10.00 


4.000 


64.00 


20.00 


6.00 


0.00 


2.250 


38.00 


18.00 


5.00 


5.00 


3.000 


59.00 


26.00 



It has been found that the major contributor to cyanogon chloride life is TEDA in conjunction with 
copper and zinc. Interactions between copper and TEDA and zinc and TEDA are important, and contribute 
significantly in improving performance at higher metal levels. 

Hydrogen cyanide protection is provided by copper and zinc, with zinc being more effective at lower 

metal levels. • . 

Carbons impregnated with comparable total metal percentages that include Zn perform better than 
similar carbon formulations that do not include Zn. As shown in Table VI (A), at low TEDA impregnation 
levels (-<3.5%), samples with Zn perform better than samples without Zn. (Table V1(A) compares a 6% Zn/ 
6% Cu carbon sample with a 12% Cu carbon sample.) As such, samples that include Zn as an impregnate 
can provide the potential benefit of permitting the use of reduced amounts of TEDA, without sacrificing CK 
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performance at these lower TEDA levels. Lower TEDA levels that can be employed in conjunction with 
formulations that include Zn lead to improved physical adsorption capacities of the carbons of the present 
invention. 

5 

TABLE VI (A) 

FORMULATI ON CK LIFE - 13* METAL IMPREGNATIONS 

10 

CK LIFE 



(min) 




35 



% TEDA (vt/vrt) 

Additional impregnates to Cu-Zn-Ag-TEDA carbon formulations of the present invention can result in 
improved performance in breakthrough tests, particularly for applications under conditions in which the 
impregnated activated carbons are subjected to high humidity/high moisture content conditions. These 
formulations can also increase the shelf life and improve the performance of aged impregnated carbons 
under prolonged high-humidity conditions. 

Tests of activated carbons impregnated with 6% Cu, 6% Zn. 0.05% Ag, 3% TEDA have disclosed that 
these carbons may in some instances perform unacceptably. It is known that under certain conditions some 
Cu compounds alone or impregnated on activated carbon, can react in the presence of HCN to form (CN) 2 
as a by-product. Under high humidity/high carbon moisture content conditions, premature cyanogen ((CN) 2 ) 
gas breakthrough during HCN challenge may occur. Subsequent tools using improved analytical tools 
capable of independently detecting and monitoring both HCN and (CN) 2 breakthrough indicate that 
premature breakthrough can occur for Cu/Zn formulations under high humidity/moisture content conditions. 

Further, when Cu-Zu-Ag-TEDA impregnated carbons are exposed to high humidity for prolonged 
periods (aged). (CN) 2 will equivalently result as an undesired by-product, or otherwise be formed during the 
course of the HCN challenge. The cyanogen present, regardless of the source, may be evident in sufficient 
amounts so as to pose a potential hazard. 

The possible effect of some Cu compounds as undesired reactants in HCN challenge situations 
suggests another benefit to formulations of the impregnated carbons of the present invention. Testing has 

9 



. BNSDOCID: <EP 0405404A1_l_> 



EP 0 405 404 A1 



shown that impregnations with Zn compounds in the absence of copper, as embodied within the scope of 
the present invention, do not have the undesirable property of converting HCN to (CN) 2 . See Table VI(B). 
This, therefore, provides a benefit of total or partial replacement of Cu with Zn in the formulation, in that the 
formation of (CN) 2 can be eliminated or substantially reduced. 

TABLE VI(B) 



HCN TEST LIVES 


Sample 1 


AC Life (min.) 
AR/50 


AC Life (min.) 80/50 


£l 


Gas 




Gas 


6% Cu, 6% Zn 


21 


(CN) 2 


16 


(CN) 2 


2% Cu, 10% Zn 


23 


(HCN) 


26 


(HCN & (CN) 2 ) 


12% Zn 


16 


(HCN) 


24 


(HCN) 



1 Samples additionally contain 3% TEDA. 

2 Breakthrough time (t b ) corresponds to the appearance of HCN at 4.0 mg/m 3 
or (CN) 2 at 8.0 mg/m 3 . The gas triggering termination of the test is listed. 
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It has been found that certain supplemental impregnates, such as molybdenum, improve the perfor- 
mance of the Cu/Zn-based carbon formulations of the present invention under high carbon moisture content 
conditions. In particular, molybdenum (Mo), impregnated (loaded) onto the carbon suppresses (CN) 2 gas 
breakthrough during the HCN challenge. The addition of even small amounts of Mo to the Cu-Zn-Ag-TEDA 
formulation appears to suppress the unacceptable breakthrough effects relating to (CN) 2 gas during HCN 
challenge. 

Molybdenum addition also provides the supplemental benefit of providing protection against direct 
challenge of (CN) 2 . This benefit is not present for either pure copper formulations, pure Zn formulations, or 
combinations of Cu and Zn. 

Samples prepared to include molybdenum were prepared by procedures as previously described for 
the Cu/Zn formulations, with the exception that ammonium dimolybdate, or similar molybdenum-containing 
compound is added to the impregnation solution. Drying and TEDA impregnation procedure as outlined for 
the non-molybdenum formulations were followed. 

Tests of those samples were conducted in which HCN and (CN) 2 breakthroughs were independently 
monitored and evaluated under high humidity conditions. Table VI(C) shows humid (80/50) and aged 
carbons (with and without Mo) being independently monitored and evaluated for HCN and (CN) 2 break- 
through lives. This table indicates the earlier of the two breakthrough times. The high humidity/high 
moisture content samples containing molybdenum perform as well as or better than dry (AR/50) samples. In 
contrast, similar carbons tested without Mo show less desirable performance under high humidity con- 
ditions, and even more undesirable performance once the high humidity content carbons are aged. 

TABLE VI(C) 



45 



50 



HCN TEST LIVES 





AC Life (min) 


AC Life (min) 


AC Life (min) Aged 




AR/50 


80/50 








t b 1 


Gas 


tb 1 


Gas 


tb 1 


Gas 


6% Cu/6% Zn 


21 


(CN) 2 


16 


(CN) 2 


6 


(CN) 2 


5% Cu/5% Zn/2% Mo 


22 


(CN) 2 


28 


HCN 


25 


HCN + (CN) 2 



55 



5% Cu/5% Zn/2% Mo 22 (UN) 2 huin <zo [ hoin ^ \^ }2 

1 Breakthrough time (t b ) corresponds to the appearance of HCN at 4.0 mg/m 3 or (CN) 2 at 
8.0 mg/m 3 . The gas triggering termination of the test is listed. 
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Additional tests in which breakthrough of both HCN and (CN) 2 were independently monitored and 
reported (see Table VI(D)) demonstrate that the 2% Mo, 5% Cu, 5% Zn, 0.05% Ag and 3% TEDA (total 
12.05% metal) carbon formulation perform better than the 6% Cu, 6% Zn. .05% Ag, 3% TEDA (12.05% 
metal) formulations that do not contain Mo. 

TABLE VI(D) 



HCN TEST LIVES 




HCN Test Life (Min.) 


HCN Test Life (Min.) 




AR/50 1 


80/50 1 


Sample 2 


t b 3 (HCN) 


tb «CN) 2 ) 


t b (HCN) 


t b «CN) 2 ) 


6% Cu. 6% Zn 


22 


21 


26 


14 


5% Cu. 5% Zn, 2% Mo 


23 


28 


28 


30 



1 Test relative humidity condition is specified as: pretreatment humidity/test 
humidity. "AR" means tested as received. 

2 Samples additionally contain 0.05% Ag and 3% TEDA. 

3 Breakthrough time, in minutes, for the indicated gas in response to an HCN 
challenge. 



Table Vl(E) demonstrates the improved performance of Cu/Zn formulations that include molybdenum 
25 with respect to high humidity/high moisture content conditions after exposure to aging conditions. 

TABLE Vl(E) 



30 



35 



40 



AGED 1 HCN TEST LIVES 


Sample 2 


HCN Test Life 




(minutes) 




tb 3 


tb 3 ((CN) 2 ) 




(HCN) 




6% Cu, 6% Zn 


28 


10 


5% Cu, 5% Zn, 2% Mo 


29 


28 



1 Samples exposed to an air stream for 2 weeks at 85% RH and 90 F. 

2 Samples additionally contain 0.05% Ag and 3% TEDA. 

3 Breakthrough time, in minutes, for the indicated gas in response to an 
HCN challenge. 



While presently preferred embodiments of the invention have been described in particularity, the 
invention may be otherwise embodied within the scope of the appended claims. 



Specific Application AZ Compositions 



Preparation and Testing: 

As used herein, AZ refers to copper and zinc impregnated activated carbon formulations prepared in 
55 the same manner as the ASZ-TEDA (Cu-Zn-Ag-TEDA) composition described in Table I, but without the 
addition of Ag or TEDA. AZ samples were also prepared in the same manner as the aforementioned ASZ- 
TEDA (Cu-Zn-Ag-TEDA) composition as described in Table 1 , but again without the addition of Ag or TEDA, 
which are often not required for non-military toxic gas and/or vapor applications. 

11 
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The AZ embodiments of the present invention are comprised of an activated carbon adsorbent 
impregnated with (depending on the particular characteristics desired) compositions resulting in a metals 
content of 0% to 14% copper and 2% to 16% zinc in the impregnated activated carbon. The formulations of 
the impregnants are varied, and demonstrate the that the performance characteristics of the chromium-free 
compositions in the present invention can be tailored to achieve enhanced removal of specific toxic gases. 

Table VII sets forth the results of sample gas life challenges of Chlorine, Hydrogen Chlorine, Sulfur 
Dioxide, Formaldehyde and Hydrogen Sulfide for a typical AZ formulation. 

TABLE VII 



70 



15 



Sample Gas Life Challenge Results for AZ Activated Carbons 






NIOSH Cl 2 


NIOSH HCl 


NIOSH S0 2 


Formaldehyde** 


Calgon H 2 S 
Capacity (wt. %) 


(min)* 


(min)* 


(min)* 


(100 ppm/min) 


ASC 

AZ (5% Cu, 6% Zn) 


> 120 

> 120 


> 120 

> 120 


117 
102 


> 120, > 120 
> 120,79 


7.4 
8.0 



20 



NIOSH Test conditions are 32 L.P.M. per sample cartridge, 12 x 30 screen mesh size, 1 ppm 
breakthrough, 25° C, 50% humidity. 

** Two (2) test cycles were run. ^ 



Table VIII sets forth the results of tests on various AZ activated carbon formulations challenged with 
sulfur dioxide. 

25 

TABLE VIII 



S0 2 Challenge Results 


for AZ Activated Carbons 


Cu (wt 


Zn (wt 


S0 2 Life 


%) 


%) 


(min.) 


4 


4 


72 


4 


8 


75 


6 


6 


74 


8 


4 


78 


8 


8 


82 


7 


0 


56 



40 



Conclusions: 

Laboratory studies show that well-balanced performance is attained with the present invention composi- 
tion containing from 6-8% Cu, 6-8% Zn, 0.03-0.05% Ag and 2-4% TEDA. When this composition is used, 
the impregnated activated carbon meets all current military specification tests for ASC Whetlerite. In 
addition, hydrogen cyanide and cyanogen chloride performance did not deteriorate under tropical aging 
conditions. 

Laboratory studies also show that good performance is attained with the present invention in specialized 
compositions containing mixture of 0% to 14% copper and 2% to 16 % zinc. Silver and/or 
triethylenediamine may also be added, depending on desired performance characteristics. Tartaric, maleic 
and/or other organic acids may also be incorporated into the preparation to improve performance. 

The activated carbons of the present invention can be tailored according the described formulations to 
meet specific desired performance characteristics for any number of industrial, military and other needs. 
Although the impregnated carbons offered by the present invention have been described in detail in the 
foregoing for purposes of illustration, it is to be understood that such details are solely for that purpose and 
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that variations may be made therein by those skilled in the art without departing from the spirit and scope of 
the invention are described in the following claims. 
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Claims 

1. An activated carbon adsorbent having impregnated therein a total of from about 6 to 16% copper and 
zinc, within th ranges of 0 to 14% copper and 2 to 16% zinc, and optionally impregnated with 0.0 to 10% 

40 silver and 0.0 to 6% triethylenediamine. 

2. An activated carbon adsorbent as set forth in Claim 1, wherein said copper is present in an amount of 
from 5 to 8%, said zinc is present in an amount of about 5 to 8%. 

3. An activated carbon adsorbent as set forth in Claim 1 , wherein said copper is present in an amount of 
from 6 to 8%, said zinc is present in an amount of about 6 to 8%, said silver is present in an amount of 

45 about .03 to .05% and said triethylenediamine is present in an amount of about 2 to 4%. 

4. An activated carbon adsorbent as set forth in Claims 1, 2 or 3, impregnated at least once with solutions 
so as to result in an activated carbon impregnated with said copper and zinc, and optionally silver and 
triethylenediamine, wherein said activated carbon is impregnated in said solutions which additionally contain 
0 to 10% organic acid. 

so 5. An activated carbon adsorbent as set forth in Claims 1, 2 or 3, impregnated at least once with solutions 
so as to result in an activated carbon impregnated with said copper and zinc, and optionally silver and 
triethylenediamine, wherein said activated carbon is impregnated in said solutions which additionally contain 
a total of 0 to 10% maleic or tartaric acid. 

6. An activated carbon adsorbent as set forth in Claims 1, 2 or 3, impregnated at least once with solutions 
55 so as to result in an activated carbon impregnated with said copper, zinc and optionally silver, with said 

solutions additionally containing 0-10% organic acid, wherein the activated carbon is dried after each 
impregnation, and thereafter optionally impregnated with said triethylenediamine. 

7. An activated carbon adsorbent as set forth in Claims 1, 2 or 3, impregnated at least once with solutions 
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so as to result in an activated carbon impregnated with said copper, zinc and opt.onally silver, with said 
solutions additionally containing 0-10% organic acid, wherein the activated carbon is dried after each 
impregnation by heating said activated carbon at up to ignition temperature, and thereafter optionally 
impregnated with said triethylenediamine. . 

8 A method of preparation of an activated carbon adsorbent as set forth in Claims 1, 2, or 3, using solutions 
so as to result in activated carbon impregnated with said copper, zinc and optionally silver, with said 
solutions additionally containing 0 to 10% organic acid, wherein the activated carbon is dried after each 
impregnation, and thereafter optionally impregnating said activated carbon with said triethylenediamine. 

9 A method of preparation of an activated carbon adsorbent as set forth in Claims 1, 2, or 3, using solutions 
so as to result in activated carbon impregnated with said copper, zinc and optionally silver, with said 
solutions additionally containing 0 to 10% organic acid, wherein the activated carbon is dried after each 
impregnation by heating said activated carbon at up to ignition temperature, and thereafter optionally 
impregnating said activated carbon with said triethylenediamine. 

10 A process for removing toxic gases or vapors from a stream utilizing an activated carbon adsorbent as 
set forth in Claims 1, 2, or 3, using solutions so as to result activated carbon impregnated with said copper, 
zinc and optionally silver, with said solutions additionally containing 0 to 10% organic acid, wherein the 
activated carbon is dried after each impregnation, and thereafter optionally impregnating said activated 
carbon with said triethylenediamine. 

11 A process for removing toxic gass or vapors from a stream utilizing an activated carbon adsorbent as 
set forth in Claims 1, 2, or 3, using solutions so as to result in activated carbon impregnated with said 
copper zinc and optionally silver, with said solutions additionally containing 0 to 10% organic acid, wherein 
the activated carbon is dried after each impregnation by heating said activated carbon at up to ignition 
temperature, and thereafter optionally impregnating said activated carbon with said triethylenediamine. 

12 A method useful in military and nonmilitary applications of removing toxic gases or vapors including 
chlorine, hydrogen chloride, hydrogen cyanide cyanogen chloride, sulfur dioxide, hydrogen sulfide, formal- 
dehyde and others utilizing a protective filter or respirator containing an activated carbon adsorbent as set 
forth in Claims 1, 2. or 3. said activated carbon prepared using solutions so as to result in an activated 
carbon impregnated with said copper, zinc and optionally silver, with said solutions additionally containing 0 
to 10% organic acid, wherein the activated carbon is dried after each impregnation, and thereafter optionally 

so impregnating said activated carbon with said triethylenediamine. 

13 A method useful in military and nonmilitary applications of removing toxic gases or vapors including 
chlorine, hydrogen chloride, hydrogen cyanide, cyanogen chloride, sulfur dioxide, hydrogen sulfide, formal- 
dhyde and others utilizing a protective filter or respirator containing an activated carbon adsorbent as set 
forth in Claims 1, 2, or 3, said activated carbon prepared using solutions so as to result in an activated 

35 carbon impregnated with said copper, zinc and optionally silver, with said solutions additionally containing 0 
to 10% organic acid, wherein the activated carbon is dried after each impregnation by heating said 
activated carbon at up to ignition temperature, and thereafter optionally impregnating said activated carbon 
with said triethylenediamine. 

14 An activated carbon adsorbent as set forth in Claims 1, 2 or 3, impregnated at least once so as to 
40 provide an activated carbon impregnated with said copper, zinc and silver, with said activated carbon 

adsorbent additionally impregnated so as to contain by weight of 0 to 8% molybdenum. 

15 An activated carbon adsorbent as set forth in Claims 1. 2 or 3. impregnated at least once so as to 
provide an activated carbon impregnated with said copper, zinc and silver, with said activated carbon 
adsorbent additionally impregnated so as to contain 1-4% molybdenum. 

45 16 An activated carbon adsorbent as set forth in Claims 1, 2 or 3. impregnated at least once so as to 
provide an activated carbon impregnated with said copper, zinc and silver, with said activated carbon 
adsorbent additionally impregnated so as to contain by weight 0 to 8% molybdenum, wherein the activated 
carbon is dried after each impregnation, and thereafter impregnating said activated carbon with 0 to 6^ 
triethylenediamine 

so 17 An activated carbon adsorbent as set forth in Claims 1 . 2 or 3. impregnated at least once so as provide 
an activated carbon impregnated with said copper, zinc and silver, with said activated carbon adsorbent 
additionally impregnated so as to contain 0 to 8% molybdenum, and with said solutions additionally 
containing 0 to 10% organic acid, wherein the activated carbon is dried after each impregnation, and 
thereafter impregnating said activated carbon with 0 to 6% triethylenediamine. 

55 18 An activated carbon adsorbent as set forth in Claims 1. 2 or 3. impregnated at least once so as to 
provide an activated carbon impregnated with said copper, zinc and silver, with said activated carbon 
adsorbent additionally impregnated so as to contain by weight 0 to 8% molybdenum, wherein the activated 
carbon is dried after each impregnation by heating said activated carbon at up to ignition temperature, and 
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